Summary. Ovariectomy and hormone replacement of mice were used to examine the hormonal control of expression on the uterine surface of a carbohydrate determinant (lacto-N-fucopentaose I, LNF I), involved in the initial interaction between the blastocyst and the endometrial epithelium at implantation. Pseudopregnant mice mated with sterile males were also used to elucidate the impact of embryonic signals on the expression of this antigen on the uterine surface. Two groups of fucosylated structures could be distinguished; one group was predominantly dependent on maternal oestrogen and progesterone, while the other group appeared to be less influenced by the hormonal milieu.
Introduction
It is well established that implantation of the mammalian blastocyst is controlled by steroid hor¬ mones (Finn & Martin, 1974; Psychoyos & Casimiri, 1980) which act to determine the receptivity of the uterus for the embryo. However, until recently (Armant et ai, 1986a, b; Farach et ai, 1987; Kimber et ai, 1988; Lindenberg et ai, 1988; Sutherland et ai, 1988) there has been little evidence as to the identity of the molecules involved in this process. Preparation of the uterus for the blastocyst requires a period of exposure to low levels of progesterone followed by a nidatory pulse of oestro¬ gen (Psychoyos, 1976) . There is a specific 'window' during which the uterus can respond to embryo¬ nic signals, leading to decidualization, attachment and implantation of the blastocyst (McLaren & Michie, 1956; Psychoyos & Casimiri, 1980; Leroy, 1982; Psychoyos, 1986) . We have previously shown that a specific carbohydrate determinant, LNF-I (lacto-N-fucopentaose I) present on the surface of the uterus is involved in the initial attachment of the blastocyst to the uterine epithelium (Lindenberg et ai, 1988) . One would therefore predict that such a determinant will be under hor¬ monal control. Indeed, oestrogens have been shown to stimulate the synthesis of certain glyco¬ proteins to a greater extent than others in the rabbit (Anderson et ai, 1986) , the rat (Kuivanen & DeSombre, 1985) and the mouse (Teng et ai, 1986; Pentecost & Teng, 1987) . Therefore, in this study we describe the influence of the hormonal environment on the expression of LNF-I, and other carbohydrate structures known to be present on the endometrial epithelium, by using ovari¬ ectomy and hormone replacement.
A considerable amount of evidence suggests that embryonic signals are important for uterine receptivity (Fishel & Surani, 1980; Kennedy, 1983; Nieder et ai, 1987) . This study therefore also includes an investigation of these carbohydrate epitopes in pseudopregnant mice to ascertain whether the presence of the embryo influences their expression. (Lyon & Meredith, 1966) (Chen & Kabat, 1985) were used to stain frozen sections of mouse uterus in a double-layer technique using a FITC-labelled second antibody as previously described 
fLacto-N-neo-fuco-pentaose I.
Results
Ovariectomized mice Table 2 summarizes the results of staining frozen sections of uterus from ovariectomized mice with 5 monoclonal antibodies recognizing carbohydrate structures (Table 1) known to be present on the endometrial epithelium in early pregnancy. In Table 2 the overall staining pattern of the luminal epithelium is recorded. As reported previously (Kimber et ai, 1988) none of the antibodies used bound to stromal tissue irrespective of the hormone replacement regimen to which the animal had been subjected. Antibody A003 acted as a negative control. This antibody did not stain uterine tissue of mice in delayed implantation or pregnancy.
Antibody 667/9E9
The luminal and glandular endometrial epithelia were stained with Antibody 667/9E9 only after injection of oestrogen with or without progesterone ( Fig. 1 ). When both oestrogen and progester¬ one were given, all surfaces and cytoplasm of reactive cells were stained (Fig. lb) . In contrast, after oestrogen alone the basal and lateral surfaces of the cells were almost unstained while the luminal aspects of the cells reacted with the antibody (Fig. le) (Fig. 2a) , and some reduction in staining of lateral and basal surfaces and cytoplasm after oestrogen alone (Fig. 2c) There was some variability in the staining with Antibodies H001 and H004, particularly after progesterone alone: H001 and H004 stained the luminal epithelium 18 h after progesterone treatment alone, but 24 h after the hormone treatment no staining was observed (Fig. 3a) .
Antibody Le-b The antibody recognizing the Le-b epitope did not react with the uterine epithelium of females treated with progesterone alone, although a low level of binding to the luminal epithelium was observed 12 h after a final injection of the hormone. Animals injected with corn oil and progester¬ one were indistinguishable from those injected only with progesterone. After ovariectomy without hormone replacement or injection of corn oil alone, the uterine epithelium did not bind this anti¬ body. Although, at 12 h after a final injection of both oestrogen and progesterone there was an absence of staining, considerable amounts of antibody bound to the epithelium 18 and 24 h after administration of the hormones. When oestrogen alone was given as the final injection after pro¬ gesterone (PPE + 18) or oestrogen (EEE + 12-24), the Le-b determinant could also be detected on the epithelium. (Fig. 4a) 
Discussion
It has often been demonstrated, using the regimen of ovariectomy and hormone replacement employed in this study, that blastocysts undergo delay of implantation during the phase of pro¬ gesterone dominance but are reactivated to implant upon injection of oestrogen (Finn & Martin, 1974; Chavez & Anderson, 1985) . The normal events leading up to implantation are therefore promoted by a rise in oestrogen. It has also been observed that the progesterone to oestrogen ratio is critical for successful pregnancy (Psychoyos, 1976; Gidley-Baird et ai, 1986) .
In this paper we report that a carbohydrate determinant, lacto-N-fucopentaose I (LNF I), on the endometrial epithelium appears only after oestrogen injection, and not after injection of pro¬ gesterone alone. This determinant has been shown previously to be involved in attachment of the blastocyst to uterine epithelial cells (Lindenberg et ai, 1988) . Moreover, in naturally mated mice this determinant is expressed at high levels on the first 1-4 days of pregnancy, presumably under the influence of oestrogen, but between Days 4 and 5 of pregnancy becomes restricted to stretches of cells interspersed with unstained cells (Kimber et ai, 1988) . In this study a similar change was observed after injection of ovariectomized mice with oestrogen and progesterone although we did not notice a significant decline in antibody staining even after 48 h from oestrogen injection. This difference from the decrease seen between Days 5 and 6 of pregnancy is not surprising since the Although observation of the pattern of staining in the pseudopregnant uterus suggests subtle changes from the pregnant uterus, these were not sufficient for us to be able to conclude that the embryo has a significant effect on antigen expression. Several recent studies have provided bio¬ chemical evidence for major changes in the uterine glycoproteins of rodents during the pre-and peri-implantational phases (Kuivanen & DeSombre, 1985; Anderson et ai, 1986; Dutt et ai, 1987; Teng et ai, 1986; Morris et ai, 1988; Takeda et ai, 1988 (Muramatsu et ai, 1978 (Muramatsu et ai, , 1983 Solter & Knowles, 1978; Pennington et ai, 1985) . Babiarz & Hathaway (1988) Barkley et ai, 1979) . From the present and previous (Kimber et ai, 1988) 
